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Objective: To determine the genetic relatedness of methicillin-resistant Staphylococcus aureus (MRSA) isolates 
recovered from six provincial hospitals in Hungary between 1993 and 1994. 
Methods: Molecular fingerprinting methods were used: hybridization with a mecA-specific DNA probe after Clal 
restriction; hybridization with a probe for Tn554; and pulsed-field gel electrophoresis afier Smal digestion of 
chromosomal DNA. 
Results: All strains were resistant to penicillin, oxacillin, erythromycin, gentamicin, tetrac\/cline, imipenem, and 
cephalosporins, and variably resistant t o  ofloxacin, clindamycin and tobramycin; all isolates were susceptible to  
vancomycin. Forty-eight of the 51 isolates carried the mecA gene as determined by Southern hybridization, using a 
mecA-specific DNA probe, indicating that the methodology used for initial identification may have been in error in three 
of the cases. Forty-seven of the 48 mecA-positive isolates showed very similar genetic backgrounds as defined by pulsed- 
field gel electrophoresis (PFGE) patterns after Smal digestion of chromosomal DNAs: a unique PFGE pattern was seen 
in 32 isolates and minor variants of it in  15 additional isolates. All the 47 isolates carried the same mecA polymorph (Clal 
type Ill), as determined by DNA hybridization after Clal digestion of chromosomal DNA. Only one of the MRSA isolates 
had a completely different PFGE pattern and a novel mecA polymorph. 
Conclusions: The findings demonstrate the existence of a unique, epidemic MRSA clone, in  both invasive and 
colonizing strains, which is widely dispersed in Hungarian hospitals hundreds of kilometers apart. 
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I NTRO D U CTI 0 N 
Molecular fingerprinting is rapidly replacing more 
traditional epidemiologic methods in the analysis of 
hospital outbreaks caused by methicillin-resistant 
Staphylococcus aweus (MRSA) and in investigating the 
geographic spread of these bacteria. Not only do the 
molecular methods offer incomparably higher dis- 
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criminating power, but they are actually becoming 
indispensable for the characterization of multidrug- 
resistant MRSA clones for which determination of 
antibiotypes has become useless and which are often 
non-typeable with the international panel of phages 
[l]. A particularly high resolution is provided by 
the combination of molecu1a:r probes that allow 
characterization of MRSA isolates in teriiis of the 
polymorphism of the rnecA gene arid Ti1554 attach- 
ment sites it carries [2], together with determination of 
chromosomal niacrorestriction patterns [3] and identi- 
fication of the mecA-hybridizing DNA fragments 141. 
Using this niethodology we have recently been able to 
identi@ a rnultidrug-resistant PvIRSA clone widely 
distributed among hospitals in Portugal and Spain (the 
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‘Iberian’ epidemic MRSA clone [5-81). A second, 
distinct MRSA clone was found in Brazilian hospitals 
over several thousand kilometers apart [9]. In this 
communication we demonstrate the existence of yet 
another epidemic MRSA clone that has become dis- 
persed in provincial hospitals located in six cities in 
Hungary. 
MATERIALS AND METHODS 
Bacterial strains 
Fifty-one Staphylococcus aureus isolates classified as 
methicillin resistant (MRSA) by clinical laboratories 
were obtained from provincial hospitals in six Hungarian 
cities (Sz&kesfeh&rv&r, Szolnok, Dunahjvkos, Miskolc, 
Debrecen, Balassagyarmat). The isolates were collected 
in 1993 and 1994 and they were recovered from a 
variety of body sites, such as trauma and surgery 
wounds, urine, cerebrospinal fluid, anterior nares and 
environmental surfaces. A number of MRSA isolates 
were also included for reference: strains BR6692, 
BMB8592, BM8692, BM14092, HU24, HU39, 
HU41, M7092, M7194 and HU41 were MRSA 
strains from Brazil [9]; strains CPS22 and CPS55 were 
from Portugal [4]; and COL (Rockefeller University 
collection), is the highly resistant MRSA strain 
originally isolated in Colindale, UK [lo]. 
Phage typing 
Phage susceptibility was determined in the 51 S. aureus 
isolates according to standard procedures [l]. Isolates 
were typed by the international set of typing phages, 
at both the routine test dilution and 100 times this 
dilution of the phage suspensions. 
DNA probes 
The DNA probes used were a 1.196-kb PstI-XbaI in- 
ternal fragment of the mecA gene from plasmid pMF13 
[4,11,12] and a 5.5-kb fragment of transposon Tn554 
that had been cloned in a pBluescript I1 vector [2]. 
Antimicrobial susceptibilities 
Antimicrobial susceptibilities were determined by disk 
diffusion methods [13]. The following antibiotics were 
tested: ampicillin, amoxicillin clavulanate, benzyl- 
penicillin, cefalexin, cefaclor, cefamandole, cefuroxim, 
chloramphenicol, clindamycin, erythromycin, genta- 
micin, imipenem, ofloxacin, oxacillin, tetracycline, 
tobramycin and vancomycin. 
Assays for methicillin resistance and population analysis 
profiles 
All strains were assayed for their methicillin resistance 
phenotypes in cultures grown overnight in tryptic soy 
broth. Methicillin resistance levels were first assessed 
in a preliminary test with disks that contained 1 nig 
of methicillin [lo]. Four reference strains, C D C l ,  
NYHB3, BM79 and COL, were used as controls. O n  
the basis of the diameters of the inhibition zones, the 
strains were assigned to tentative phenotypic expression 
classes, as defined by Tomasz et a1 [14]. Then pre- 
liminary classifications were confirmed by population 
analysis profiles, as previously described [15]. 
DNA electrophoresis 
Chromosomal DNAs for conventional and pulsed-field 
gel electrophoresis (PFGE), endonuclease digestion and 
conventional gel electrophoresis were all prepared as 
previously described [4]. 
DNA-DNA hybridization 
DNA transfer was performed as described [4]. Probe 
labeling and hybridization was done by using the ECL 
non-radioactive labeling kit RPN3000 (Amersham, 
UK) according to the manufacturer’s instructions. 
RESULTS AND DISCUSSION 
Multidrug resistance of Hungarian MRSA isolates 
All but six of the 51 isolates were resistant to at least 14 
of the 16 antimicrobial agents tested (Table 1). Most 
isolates were susceptible to chloramphenicol and oflo- 
xacin, and all strains were susceptible to vancomycin. 
The great majority of MRSA isolates showed a high 
degree of methicillin resistance as indicated by the small 
zone diameter (19-25 mm) around the 1-mg methi- 
cillin disks (Table 2). This was confirmed by population 
analysis profiles which indicated the presence of class 
3 or 4 phenotype [15], i.e. high degree and nearly 
homogeneous expression of resistance, in virtually all 
mecA-positive strains. Three isolates (HUSA 23, HUSA 
98 and HUSA 175) showed inhibition halos (2 40 mm, 
characteristic of clinical isolates of methicillin-susceptible 
S. a u m x  (MSSA). 
Confirmation of methicillin resistance 
Forty-eight of the 51 isolates carried the mecA gene as 
determined by Southern hybridization, using a mecA- 
specific DNA probe, indicating that the methodology 
used for initial identification may have been in error in 
three of the isolates (HUSA 23, HUSA 98 and HUSA 
175), or that in these strains a deletion ofthe mecA gene 
occurred after the original antimicrobial susceptibilities 
were determined (see below). 
Phage typing and molecular fingerprinting 
All 51 staphylococcal isolates were phage typeable, with 
six different typing patterns (Table 1). The isolates were 
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Table 1 Hungarian clinical isolates of Staphylococcus u u w w  
Resistance to a 
biotics' excrpt for: 
Infection 
Isoldte Isolation Hospital (isolation) Phage panel of 16 anti- 
no. date Town service site tYPe 
HUSA 2Y 
HUSA 24 
HUSA 25 
HUSA 52 
HUSA 58 
HUSA 02 
HUSA 07 
HUSA 69 
HUSA 72 
HUSA 76 
HUSA 79 
HUSA 80 
HUSA 81 
HUSA 82 
HUSA 88 
HUSA 89 
HUSA 90 
HUSA 02a 
HUSA 92b 
HUSA 96 
HUSA 97 
HUSA 
HUSA I05 
HUSA 107 
HUSA 119 
HUSA 123 
HUSA 128 
HUSA 130 
HUSA 134 
HUSA 135 
HUSA 160 
HUSA 162 
HUSA 165 
HUSA 168 
HUSA 171 
HUSA 174 
HUSA 1 7 j a  
HUSA 176 
HUSA 182 
HUSA 188 
HUSA 194 
HUSA 219 
HUSA 220 
HUSA 225 
HUSA 231 
HUSA 304 
HUSA XI9 
HUSA 382 
HUSA 384 
HUSA 4.54 
HUSA 455 
1994 
1994 
1994 
1994 
19'94 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1993 
1994 
1094 
1994 
1994 
1904 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1993 
1993 
1993 
1993 
1993 
1993 
SzPkesfehCrvir 
Sztkesfehkrvir 
Lhnalijviros 
Ilunaujviros 
Miskolc 
Miskolc 
Miskolc 
Miskolc 
Miskolc 
Miskolc 
Miskolc 
Miskolc 
Miskolc 
Miskolc 
Miskolc 
Miskolc 
Miskolc 
Miskolc 
Miskolc 
Miskolc 
Miskolc 
Miskolc 
Miykolc 
Miskolc 
Miskolc 
Miskolc 
Miskolc 
Miskolc 
Miskolc 
Miskolc 
13unalijviros 
1 Iunafijviros 
rlunafijvjviros 
Dunairjviros 
Balassagyarmat 
Balassagyarmat 
Balassagyarriiat 
Balassagyarmat 
Szolri o k 
Ilunaujviros 
Szolriok 
Szolnok 
Dunalijviros 
Llunafijviros 
SzPkrsfeh6rvir 
Dunairjviros 
Dunaujviros 
Debrecen 
Debrecen 
Szbkesfehkvir 
Szbkesfehkrvir 
Medical 
Neonatology 
Medical 
Medical 
Traumatology 
Traumatology 
Traumatology 
Vascular surgery 
Trauniatology 
Premature 
Pulmonology 
Pulmonology 
Neonatology 
Pediatric surgery 
Traumatology 
Traumatology 
Traumatology 
Surgery 
Surgery 
Medical 
Traiimatology 
Medical 
Traumatology 
Trauinatology 
Medicdl 
Neonatology 
Traumatology 
Medical 
Medical 
Heniodialyyiy 
Medical 
Medical 
Medical 
Medical 
Pediatrics 
Pediatrics 
Pediatrics 
Pediatrics 
Surgcry 
Infectious 
Surgery 
Surgery 
Medical intensive 
care unit 
Infectious 
Surgery 
Traumatology 
Traumatology 
Trauiiiatology 
Trauniatology 
Surgery 
Surgery 
Blood 
Nose 
Environment 
Wound 
W<lUIId 
Drain 
Wound 
Wound 
Wound 
Nose 
Pleural fluid 
Wound 
Cerebrospinal fluid 
Catheter tip 
Urine 
Trarhea 
Wourid 
I'U\ 
Pus 
Catheter tip 
Wound 
Catheter tip 
Wound 
Wound 
UlOOd 
Wound 
Wound 
Blood 
Throat 
Catheter tip 
Environment 
Environniciit 
Environnicnt 
Eiiviroiiiiieiit 
Ear 
Wound 
Wound 
Wound 
Wound 
Wourid 
Wound 
Throat 
Environnient 
Throat 
Wound 
Nose 
Wound 
Wound 
Wound 
Wound 
Wound 
618 
622/26 
622/26 
622/26 
622/26 
6 2 2 2 6  
622/26 
622/26 
622/26 
622/26 
622/26 
622/26 
622/26 
622/26 
622l26 
622/26 
622/26 
622/26 
622/26 
622/26 
622/26 
622/26 
622 
622 
618/20/22/23 '26 
622/26 
622/26 
622/26 
622/26 
622/26 
622 
622 
622 
622 
618/20/22/25 
622/23/26 
61 8/20/22/26 
622/23/26 
618/20/22/21/ 26 
622 
618/20/22/23126 
618/20/22/26 
622 
622 
61 8/20/22/26 
617/22/26/30 
617/22/26/30 
620/22/30 
622 
622 
622/26 
clin, tob 
clin, rob, cam, ofl 
clin, rob, cam, ofl 
cani, ofl 
cam, ofl 
cam, ofl 
cam, ofl 
cam 
cam 
clin, cam, ofl 
cam 
cam 
cam, ofl 
cam, ofl 
cam 
caiii 
cam, ofl 
cain, ofl 
cam,  ofl 
caul 
cdlll, 
can1 
Cam 
cam 
cam, ofl 
cam, ofl 
ofl 
can1 
can1 
C a l l 1  
cam 
clin, tob, cam, ofl 
ofl 
clin, gen, cam, ofl 
cam, ofl 
cain, ofl 
cam, ofl 
ofl 
din, gen, cani, ofl 
cam 
cani, ofl 
cam, ofl 
cam, ofl 
cam, ofl 
cam, ofl 
cam, ofl 
"mccA-negative isolates. 
'Penicillin, oxacillin, anioxycillin, ampicillin, cefdexin, cefaclor, crfamandole, cefuroxime, inupenem, erythromyc In, clindamycin (chn), 
gentaniicin (sen), tobraiiiycin (tob), tetracycline, chloramphenicol (cam), ofloxacin (ofl). AU isolates were susceptible to vancouiycin. 
The isolates from 1993 were also resistant to lincomvcin. 
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Table 2 Molecular properties of Hungarian clinical isolates of Staphylococcus aureus 
mecA Size of mecA- Methicillin 
Isolate polymorph T n  554 PFGE hybridizing (1-mg disk) inhibition 
no. (ClaI) type pattern SmaI fragment (kb) zone diameter (mm) 
HUSA 23% 
HUSA 24 
HUSA 25 
HUSA 52 
HUSA 58 
HUSA 62 
HUSA 67 
HUSA 69 
HUSA 72 
HUSA 76 
HUSA 79 
HUSA 80 
HUSA 81 
HUSA 82 
HUSA 88 
HUSA 89 
HUSA 90 
HUSA 92a 
HUSA 92b 
HUSA 96 
HUSA 97 
HUSA 98” 
HUSA 105 
HUSA 107 
HUSA 119 
HUSA 123 
HUSA 128 
HUSA 130 
HUSA 134 
HUSA 135 
HUSA 160 
HUSA 162 
HUSA 165 
HUSA 168 
HUSA 171 
HUSA 174 
HUSA 175a 
HUSA 176 
HUSA 182 
HUSA 188 
HUSA 194 
HUSA 219 
HUSA 220 
HUSA 225 
HUSA 231 
HUSA 304 
HUSA 309 
HUSA 382 
HUSA 384 
HUSA 454 
HUSA 455 
Negative 
I11 
I11 
I11 
III 
I11 
I11 
I11 
I11 
Novel 
111 
I11 
I11 
I l l  
I11 
I11 
I11 
I11 
I11 
I11 
I11 
Negative 
I11 
111 
111 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
111 
I11 
I11 
I11 
Negative 
111 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
111 
I11 
I11 
I11 
111 
111 
cp k-w 
B 
B 
B 
h (lambda) 
B 
u (upsilon) 
B 
B 
0 (theta) 
B 
B 
B 
B 
B 
n 
Ir (mu) 
P (mu) 
B 
B 
B 
u (upsilon) 
B 
W 
B 
B 
B 
B 
B 
B 
D 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
n: (Pi) 
= (Pi) 
n 
n 
B1 
A1 
A1 
A1 
A2 
A1 
A1 
A1 
A1 
c 
A1 
A1 
A1 
A1 
A3 
A1 
A3 
A4 
A4 
A5 
A1 
A1 
A1 
A1 
€31 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A6 
A7 
A1 
A8 
A9 
A1 
B2 
B3 
A1 
A1 
A1 0 
A1 
A1 
A1 1 
A1 1 
A12 
A12 
Negative 
130 
130 
130 
310 
130 
130 
130 
130 
205 
130 
130 
130 
130 
130 
130 
130 
110 
110 
205 
130 
Negative 
130 
130 
110 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
110 
Negative 
110 
110 
130 
110 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
42 
23 
21 
23 
23 
29 
23 
22 
27 
22 
24 
20 
20 
23 
21 
23 
23 
25 
23 
30 
25 
40 
23 
19 
24 
20 
22 
27 
27 
34 
24 
21 
20 
20 
28 
23 
45 
25 
23 
22 
29 
27 
20 
24 
25 
26 
22 
23 
20 
23 
23 
’meiA-negative strains. 
also characterized by a set of molecular methods which 
included PFGE of SmaI digests (Figure la-d) and 
Southern hybridization of chromosomal SmaI and ClaI 
digests with a me&-specific DNA probe and a probe 
for Tn554 (Figure 2a-c). The SmaI fragments hybridiz- 
ing with the mecA probe are shown in Figure 2a. 
The molecular fingerprinting data are summarized 
in Table 2. Of the 48 confirmed MRSA isolates, 47 
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carried the same type 111 m e d  polyniorph [2] which, 
in the majority of cases (41/47), was associated with 
Tn554 type B. Frequent association between these two 
polymorphs has already been seen in other samples of 
MRSA [2,9]. The one exceptional MRSA (strain 
HUSA 76) carried a novel mecA polymorph not 
described so far in the literature, and this strain also had 
a new Tn554 type 8. Four Tn554 patterns--h, ’u, p 
and W-were identified in the six MRSA which did 
not carry type B Tn554 in association with mecA 
polymorph 111. From these patterns only Tn554 type 
W has been previously described (2). The three mecA- 
negative isolates carry two new Tn554 patterns: @ and 
The 48 MRSA strains could be classified into three 
different major PFGE types, referred to here as patterns 
A, B and C, out of which pattern A was present in the 
vast majority-44 of 48-of the isolates. Pattern B was 
present in three isolates and pattern C was identified 
in the single MRSA (strain 76) with the new mecA 
polyniorph and Tn554 type 8. The majority PFGE 
type A showed as many as 12 different subtypes 
(defined as PFGE patterns that differed from the 
dominant subtype by a maximum of three DNA bands 
n. 
Figure 1 Macrorestriction patterns of chroiiiosorid SrnnI digcsts, prepared froiii the Hungarian MRSA isolates. DNA 
preparation, restriction and separation of DNA fragments by PFGE were as described in the text. L.eftiiiost and rightmo~t 
laiics and a lane in the middle of the gel have rnolccular wcight niarkcrs (A laddcr), corresponding to thc iiiolccular sizes (kb) 
of 646, 381, 186, 119, 93 and 48. In (d), lanes to the left of the lane with low-inolccular-weight A markers (A 1.m.w.) 
contain digests prepared from two Portugucsc isolates (CP22 and 25, De Lencastre et a1 [4]) and from 10 Brazilian MRSA 
isolates [9], which were included for comparison. 
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Figure 2 Southern hybridization of Hungarian MRSA isolates with a variety of DNA probes. (a) Chromosomal SmaI 
digests were hybridized with the mecA-specific DNA probe, in order to determine the inolecular size of mecA-hybridizing 
DNA fragments. (b,c) Southern hybridization of chromosomal CIaI digests with a mecA-specific DNA probe (b) and with a 
Tn554 DNA probe (c). Chromosomal D N A  preparation and Southern hybridization were performed as described in the 
text. Lanes are marked for strain identification. Molecular weight markers (Hind111 digest of A) and the laboratory strain 
COL (carrying mecA polyniorph 11) are also included. 
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Balassagyarmat 
0 u n a u ju a ro s 
Szekesfeheruar - 
100 Km 
Figure 3 Geographic distance separating the MRSA isolation sites. The  map shows the locations and names of the six 
provincial towns in Hungary from whose hospitals the MKSA isolate5 analyzed were obtained. 
[ 16)). By far the most frequent among these subtypes 
was A l ,  identified in 30 of the 48 MRSA isolates. The 
rest of the PFGE subtypes (A2 through A12) were 
represented by single or, at  most, by two isolates in this 
collection of strains. Interestingly, A1 was also the 
PFGE subtype of two mecA-negative staphylococcal 
strains (see strains HUSA 98 and HUSA 175 in Table 
2); the third mccA-negative isolate (HUSA 23) shared 
the same PFGE subtype (Bl) with one of the MRSA 
strains (HUSA 98). Such methicillin-susceptible iso- 
lates, presumably representing deletion of the mecA 
region, have also been seen in other studies [51. It is not 
clear if these deletions occur in the hospital environ- 
ment or upon storage in the laboratory. 
The niajority clone characterized through niole- 
cular typing (Le. r n ~ A  polymorph, Tn5.54 and PFGE 
pattern) as clonal type 1II::B::Al carries the same m c d  
polyinorph as two other MRSA clones, one identified 
in some Portuguese hospitals [4,8,17] and another 
which is widely spread in Brazil [S]. However, the 
Hungarian MKSA clone differed froin both Portuguese 
and Brazilian strains in PFGE pattern by at least five 
or more DNA fragments, excluding close relatedness 
among these strains (Figure Id). 
The dominant MRSA clone was recovered during 
the entire 2-year sampling period froni a wide range of 
infections and carriers in hospitals of six Hungarian 
towns that are separated from one another by hundreds 
of kilometers (see distance bar in Figure 3). The 
frequent recovery of a single rnultiresistant MKSA 
strain raises the question of whether or not such an 
epidemic clone may also carry other traits (increased 
virulence or superior adherence) that play a role in 
its wide dispersal. One also has to wonder about the 
mechanism through which a single MRSA clone can 
spread over such large geographic distances. It is possible 
that dispersal under these conditions involved long- 
term carriage in the community rather than sharing of 
patients or health care personnel. 
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